Objective: The widespread essential hypertension, of which the nature is still unclear, demands a comprehensive study of the differences between normo-and hypertensives. Hypertension may be associated with changes in the central nervous system functioning, at various levels. Our previous data have shown the differences in thermo-responsiveness of normotensive and hypertensive rats. Thermosensitive TRP (transient receptor potential) ion channels which are considered as a molecular basis of the thermosensitivity are essential for thermoregulation. Hypothalamus is the important brain structure for blood pressure and temperature regulation. The aim of present work was to assess the expression of thermosensitive TRP ion channel genes in functionally different parts of hypothalamus in normo-and hypertensive rats. Methods: Male inherited stress-induced arterial hypertensive (ISIAH) rats and normotensive Wistar Albino Glaxo (WAG) were used. Gene expression was assayed by the quantitative method of reverse transcription-polymerase-chain-reaction (RT-PCR). Results: Differences between normal and hypertensive rats were found in the expression of transient receptor potential melastatin 8 (Trpm8) and transient receptor potential vanilloid 4 (Trpv4) genes. The level of Trpm8 mRNA in the anterior hypothalamus of hypertensives was more than twice lower than in normotensives. In hypertensives, the level of Trpv4 mRNA in posterior hypothalamus was half time higher than in anterior, and significantly higher than in the normotensives. In normotensives, the Trpv4 gene expression was the same in both parts of hypothalamus. Some differences between anterior and posterior hypothalamus were similar in normo-and hypertensives: the level of Trpm8 mRNA in the anterior hypothalamus was three times higher than in the posterior and the levels of Trpv1 and transient receptor potential ankyrin 1 (Trpa1) mRNA, vice versa. Conclusion: The obtained data allow to come closer to understand the possible molecular bases of the status of hypertension and elucidate some aspects of the physiological role of the investigated thermosensitive TRP ion channels.
INTRODUCTION
The nature of the essential hypertension (EH), one of the most widespread diseases, is still unclear. Earlier the Russian clinician Lang [1] formulated the neurogenic theory of the origin of EH. Recently, the question on the neurogenic origin of EH is being asked from the other point of view. It was found, that changes in the brain occur before or simultaneously with the increase in blood pressure. Moreover, the structural and functional brain changes observed in the patients with EH do not return to the norm after the blood pressure normalization through treatment [2, 3] . These observations suggest that the changes in the brain under EH are not secondary to the blood pressure elevation but can be primary. All of this necessitates a comprehensive study of possible differences between normal and hypertensive organisms at a different level of the central nervous system functioning.
Temperature is an important environmental factor and no wonder that it occupies the first line in the table summarizing the factors affecting the blood pressure [4] . It should be emphasized that the elevated blood pressure in the warm-blooded organisms has pronounced effects on their responses to the temperature changes [5] [6] [7] [8] [9] . The study of the physiological responses to the cooling test in rats with inherited stress-induced arterial hypertension (the ISIAH rat strain) demonstrated considerable differences between hypertensive and normotensive animals in thermoregulatory responses, both vasoconstrictor and metabolic, and in the threshold temperatures of the thermoregulatory responses [10] . This suggests the possibility of different temperature sensitivity of neurons in brain.
It is established that the temperature perception is carried out by the temperature-sensitive ion channels and that the temperature range perceived by most mammals may be covered with the six temperature-activated transient receptor potential (TRP) ion channels: vanilloid subfamily, members 1-4 (Trpv1, Trpv2, Trpv3, Trpv4); melastatin subfamily, member 8 (Trpm8); and ankyrin, subfamily, member 1 (Trpa1) [11, 12] .
Thermosensitive TRP ion channels are widely present throughout the body [13, 14] including the central nervous system and the center of autonomic regulation, i.e. the hypothalamus [15] [16] [17] [18] [19] [20] . Anterior and posterior hypothalamus are functionally distinct, both for blood pressure (the depressor zones are mainly located in the anterior part, while the pressor ones in the posterior) and temperature regulation (the anterior hypothalamus is mainly thermosensitive, while the posterior hypothalamus is of integrative structure). The thermal sensitivity of hypothalamic neurons may be different due to variable density of the thermosensitive channels in the cell membrane which, in turn, may be reflected in the appropriate gene expression changes.
Taking all these into account, the aim of the present work was to assess the expression of thermosensitive TRP ion channel genes in functionally different parts of the hypothalamus (anterior and posterior) in normo-and hypertensive animals.
MATERIALS AND METHODS

Animals
Male ISIAH and normotensive Wistar Albino Glaxo (WAG) rats (n = 10 each), both derived from the Wistar strain [21] , were used throughout the study. All animals were obtained from the Institute of Cytology and Genetics (Siberian Branch of the Russian Academy of Sciences, Novosibirsk). The animals were 4-6 months old and weighting 300-400 g. They were housed in groups of 5 per cage (590 × 380 × 200 mm) at ambient temperature 22-24°C, natural dark-light cycle with free access to food and water. All experimental procedures were carried out in compliance with the European Communities Council Directive of November 24, 1986 (86/609/EEC).
Control of the blood pressure was accomplished regularly and performed according to the earlier-described procedure [22] . The average blood pressures for ISIAH and WAG rats were 174.5 ± 1.47 and 123.5 ± 2.15 (P < 0.001), respectively.
Collection of the samples
After rats' decapitation, their brains were rapidly removed and placed on ice and the hypothalamic area including the tuber cinereum with its preoptic part and the mamillary bodies were isolated through the section, approx. 1.5 mm in depth (previously optic chiasma and the hypophysis were removed). The division (partition) of the hypothalamus to anterior and posterior parts was performed through vertical section in the middle of the sample. Then tissue samples were placed in sterile tubes, frozen under liquid nitrogen and stored at -66ºC until RNA extraction.
Quantitative reverse transcription-polymerase-chainreaction
Expression of the TRP ion channel genes was assayed by quantitative RT-PCR, as described in detail previously [23] [24] [25] . In the present study, we utilized the mRNA of peptidyl-prolyl cis-trans isomerase A (Ppia) as an internal standard and the rat genomic DNA of known concentration as external standard. The characteristics of the Ppia primer are the following: The characteristics of the other primers used in this study for quantification of the thermosensitive TRP ion channels mRNA in rat hypothalamus were published previously [19] . The absence of DNA contamination in samples was checked by PCR analysis using primers for tryptophan-hydroxylase I (Tph1; its gene does not express in the brain) at the maximal number of cycles used in this study. All primers utilized in the present study were composed on the base of sequences published in the European Molecular Biology Laboratory (EMBL) nucleotide database and synthesized in the Biosan Company (Novosibirsk, Russia).
At the same time with the cDNA obtained from the examined rat hypothalamic sample, a series of rat genomic DNA dilutions used as an external standard was amplified in separate tubes. Concentrations of rat genomic DNA used to evaluate the number of cDNA copies of investigated genes were the following: for Trpv1 and Trpv3 from 0.05 to 1.6 ng/ μl; for Trpv2 and Ppia from 1.5 to 30 ng/μl; for Trpv4, Trpm8 and Trpa1 from 0.015 to 0.5 ng/μl (1 ng of rat genomic DNA contains about 200 copies of the target genes).
After electrophoresis in the same 1.5% agarose gel, stained with etidium bromide, the PCR products of samples and standards were scanned with the gel documentation system Gel Doc TM XR (Bio-Rad, Hercules, CA, USA). The example of negatives of the PCR product bands with the corresponding standards containing series of rat genomic DNA is shown in Figures 1acd, 2ac , and 3ab. Fluorescence intensity of the PCR-product bands was analyzed using Scion Image software (Scion Corporation). The band intensities of the samples were calibrated by corresponding standard DNA curves, that allowed to determine the number of cDNA copies of investigated genes. Expressions of TRP ion channel genes were presented as number of TRP ion channel cDNA copies per 100 copies of respective Ppia cDNA copies (copies/100 Ppia copies). No sign of genomic Tph1 fragment was detected in the probes used in the present study.
Statistics
Factorial ANOVA with subsequent post hoc Fisher test were used to analyze the data. The data are presented as means ± SEM.
RESULTS
No differences in the level of the Ppia mRNA were found either between the strains of rats or between the regions of hypothalamus (Table 1) . This allowed us to use the Ppia mRNA level as an endogenous standard for comparing the data of different experimental groups of animals.
It was found that the genes of all 6 thermosensitive TRP ion channels were expressed in the anterior and posterior The difference between levels of mRNA in anterior and posterior hypothalamus is significant at ***P < 0.001 and *P < 0.02. The difference between levels of mRNA in normo-and hypertensive rats in the same region of hypothalamus is significant at ## P < 0.001. C Negatives of the PCR product bands of Trpm8 and that of Ppia with the corresponded standards containing series of rat genomic DNA dilutions in the anterior (A) and posterior (P) parts of hypothalamus in normotensive rats. D Negatives of the PCR product bands of Trpm8 and that of Ppia with the corresponded standards containing series of rat genomic DNA dilutions in the anterior (A) and posterior (P) parts of hypothalamus in hypertensive rats.
parts of the hypothalamus, in both hypertensive and normotensive rats (Figures 1-3) . Differences between normo-and hypertensive animals were found in the expression of the Trpm8 (F 1,35 = 17.0587, P = 0.002) and Trpv4 (F 1,34 = 5.3137, P = 0.027) genes.
The Trpm8 gene expression (Figure 1 ) depends on the part of the hypothalamus (F 1,35 = 33.61, P = 0.001). In the anterior hypothalamus, the level of Trpm8 mRNA was three times higher than in the posterior, and this regularity was observed in both normotensive and hypertensive animals. Distinction of hypertensive animals from normotensive was manifested in the reduced level of Trpm8 mRNA; in the anterior hypothalamus it was more than twice lower in hypertensive rats in comparison with normotensive animals.
The Trpv4 gene expression in hypertensive rats showed two differences from that of normotensive animals. In normotensive rats, the levels of the Trpv4 expression in the anterior and posterior hypothalamus were the same. In the posterior hypothalamus of hypertensive rats, the level of Trpv4 mRNA was half time higher than in anterior, and it was significantly higher than in posterior hypothalamus of normotensive rats (Figure 2 ).
The dependence of gene expression on the parts of the hypothalamus was also observed for Trpv1 (F 1,36 = 354.8, P < 0.001) and Trpa1 (F 1,35 = 14.12, P = 0.0062). The level of messenger RNA of these genes in the posterior hypothalamus was 3-5 times higher than in the anterior (Figure 3 ). Interstrain differences in the levels of mRNA were found neither for Trpv1 nor for Trpa1.
As for the Trpv2 and Trpv3 gene expression, neither an interstrain difference, nor a dependence on the parts of hypothalamus have been found. The values of Trpv2 mRNA for anterior and posterior hypothalamus, respectively, were: in normotensives 48.7 ± 2.21 and 45.9 ± 2.86; and in hypertensives 45.7 ± 1.68 and 46.2 ± 1.77 copies/100 Ppia copies. The values of Trpv3 mRNA for anterior and posterior hypothalamus, respectively, were: in normotensives 0.7 ± 0.15 and 0.9 ± 0.06; and in hypertensives 0.6 ± 0.12 and 0.84 ± 0.06 copies/100 Ppia copies. It should be emphasized that the level of Trpv2 expression was much higher than that of all other examined thermosensitive TRP ion channels.
DISCUSSION
The comparison of the mRNA levels of thermosensitive TRP channels in the hypothalamus of normo-and hypertensive rats showed differences in Trpm8 and Trpv4 gene expression. In a recent study for the first time, it has been found that Trpm8 gene expression in hypertensive rats decreased in comparison with normotensive animals. This allows us to suggest the involvement of this gene in regulation of the blood pressure level. The link of locus physically mapped in or near TRPM8 with the regulation of blood pressure in human was revealed in the genom-wide association study [26] . This relationship was pointed out for the blood pressure changes in response to cold pressor test, which since the thirties of the last century was introduced into clinical practice to assess the risk for hypertensive disease [27] [28] [29] . In our experiment, the changes of Trpm8 gene expression in the rat hypothalamus are not related to any temperature effect and can be interpreted only in connection with the difference in the level of blood pressure of animals.
Recently another work on the participation of TRPM8 channels in maintaining the blood pressure level has been published [30] . The authors found that the diets containing menthol led to the blood pressure lowering in people predisposed to hypertension, as well as in spontaneously hypertensive rat (SHR) and in mice without Trpm8 gene defects. It was shown that the mechanism of the pressure fall was the dilatation of the visceral blood vessels. This dilatation was mediated by menthol acting on the TRPM8 channels located on the vascular smooth muscle cells [30] .
It should be noted that effects of moderate external cold, in other words, effects of activation of TRPM8 ion channels located at the skin nerve endings, are regarded in the literature as the most important environmental factor leading to an increase in blood pressure of humans [4] and in some experimental models [31] . The reason of Ppia with the corresponded standards containing series of rat genomic DNA dilutions in the posterior hypothalamus of normo-(N) and hypertensive (H) rats. B The levels of TRPV4 ion channel mRNA in anterior (wight columns) and posterior (hatched columns) hypothalamic regions of normo-and hypertensive rats. The values give copy number per 100 copies of the Ppia mRNA. The difference between levels of mRNA in anterior and posterior hypothalamus is significant at *P < 0.05. The difference between levels of mRNA in normo-and hypertensive rats in the same region of hypothalamus is significant at # P < 0.01. C Negatives of the PCR product bands of Trpv4 and that of Ppia with the corresponded standards containing series of rat genomic DNA dilutions in the anterior (A) and posterior (P) parts of hypothalamus in hypertensive rats. The difference between levels of mRNA in anterior and posterior hypothalamus is significant at ***P < 0.001, **P < 0.01 and *P < 0.05.
for such blood pressure increase is an activation of the sympatho-adrenal system causing the peripheral blood vessels constriction, although dilatation of the blood vessels in internal organs occurs simultaneously [32] . Thus, depending on the localization of the TRPM8 ion channel (the skin nerve endings or the vascular smooth muscle), its activation can lead to the opposite effect on blood pressure.
The role of the hypothalamic TRPM8 channels in the mechanisms of the blood pressure regulation remains unclear. However, the facts that the expression of this ion channel's gene in depressor area (anterior hypothalamus) is higher than in the pressor loci (posterior hypothalamus), and that in normotensive animals it is higher than in hypertensive; this allow to suggest that the hypothalamic TRPM8 channels mainly takes part in blood pressure lowering and its deficiency can lead to hypertension.
One of the confirmations of this assumption is the ability of TRPM8 channels to influence on fat metabolism. It is known, that a cold exposure stimulates fat metabolism, resulting in a decrease of a respiratory coefficient [33] . The activation of TRPM8 channels by menthol in thermoneutral conditions also reduces the respiratory coefficient [34] . It is also known that the patients with arterial hypertension show a characteristically altered pattern of plasma lipids [35] These changes are associated with high risk of development of arteriosclerosis and cardiovascular diseases. The changes of lipid metabolism similar to those in hypertensive people were found in the hypertensive ISIAH rats in which the reduced level of high density lipoproteins and increased atherogenic index were discovered [9] . Cold exposure increased the level of the high-density lipoprotein and decreased the atherogenic index to the level of normotensive animals [9] . In other words, it may be concluded that the activation of cold receptors, including the cold-sensitive ion channel TRPM8, normalizes some characteristics of fat metabolism, distinctive for hypertensive patients. The decrease of Trpm8 gene expression in the hypothalamus of hypertensive rats, found in the present study, suggests that altered lipid metabolism in these animals apparently is associated with the changes in the ion channel TRPM8 functions. It can be assumed that these changes are one of the factors that might lead to the hypertension.
TRPV4, a calcium-permeable cation channel, can be found in both sensory and non-sensory cells of different organs and tissues (kidney, lung, heart, brain, endothelial cells, trigeminal sensory ganglia, etc) and can be activated by changes in osmolarity and temperature, by mechanical and some chemical stimuli [36] . Attention to TRPV4 channels in connection with the regulation of blood pressure is caused mainly by its mechano-and osmo-sensitivity. The presence of TRPV4 channels in the smooth muscles and vascular endothelial cells led to a large number of works devoted to the participation of this ion channel in the vascular tone. Activation of TRPV4 channels by the intravenous administration of its agonist 4α-phorbol 12,13-didecanoate (4α-PDD) produced remarkable hypotension in rats [37, 38] . However, the involvement of TRPV4 channels in the blood pressure regulation is not so definite. Thus, it was shown that in normal conditions the absence of Trpv4 gene does not affect the blood pressure value [39] [40] [41] . Differences occur under the additional influences on the organism. Summarizing their own results, Earley et al [40] wrote that TRPV4 channels are involved in the negative feedback mechanism that limits the response to hypertensive stimuli.
The observed increase of the Trpv4 mRNA level in the posterior hypothalamus of hypertensive animals brings up a question: why does it happen in the hypertensive animals and why in the posterior hypothalamus? The following explanation may be given: in course of the creation of this hypertensive strain, the elevation of blood pressure could activate negative feedback mechanisms, including TRPV4 channels, especially in the pressor area (posterior hypothalamus). It is possible that this increased Trpv4 gene expression in the posterior hypothalamus in hypertensives and was saved together with high blood pressure in these rats during the selection.
It should be noted that the hypertensive ISIAH rats have the changed composition of the electrolytes in different tissues in comparison with normotensive rats in particular the increased sodium concentration in plasma [42, 43] . Taking into account that TRPV4 was identified originally as an osmotic activated channel, we cannot exclude the possibility that the observed changes of the Trpv4 gene expression in the hypothalamus are related to the differences in electrolyte balance in the animals of the investigated strains.
We should not forget that TRPV4 and TRPM8 are thermosensitive ion channels. Previously in our laboratory, the peculiarities of the thermoregulatory homeostasis in the hypertensive ISIAH rats were studied and differences in the latent periods and the temperature thresholds of thermoregulatory responses in hypertensive animals compared with normotensives have been found [10] . These data allowed to come to conclusion about the difference in the temperature sensitivity in normo-and hypertensive animals, and to suggest that the changes in thermal sensitivity might occur in the center of thermoregulation, i.e. the hypothalamus. The present study of gene expression of thermosensitive TRP ion channels in the hypothalamus in normo-and hypertensive rats revealed differences between these strains. It can be assumed that the observed differences in Trpm8 and Trpv4 genes expression are the molecular basis for the differences in thermal sensitivity in these animals.
In our study, the comparison of gene expression of thermosensitive TRP ion channels in hyper-and normotensive rats were performed not in the whole hypothalamus but in its anterior and posterior parts; that provides additional information about the role of TRP ion channels in the brain structure. For animals of both strains, the level of messenger RNA for Trpv1 and Trpa1 in the posterior hypothalamus was significantly higher than in the anterior, and for Trpm8, vice versa. The Trpv4 gene showed a more complicated dependence of its expression: in hypertensive rats it was higher in the posterior hypothalamus than in the anterior. In normotensive rats, the differences in Trpv4 gene expression between the parts of hypothalamus were not found. Presumably, the observed differences in the gene expression of thermosensitive TRP ion channels in the anterior and posterior parts of the hypothalamus may be related to the differences in the physiological role of these parts. Data on the distribution of TRP ion channels in the hypothalamus are rather limited and, for example, Wechselberger et al [44] described immunoreactivity for TRPV4 in the hypothalamic preoptic area without any data on this channel in the posterior hypothalamus. Our findings about the higher level of the Trpv1 messenger RNA in the posterior hypothalamus in comparison with the anterior are in agreement with the results of Acs et al [45] and Roberts et al [46] . In the first work, using a radioactive TRPV1 agonist resininferatoxin, it was found higher binding in the posterior (hypothalamic) compared to the anterior (septal) part of preoptic area in Sprague-Dawley rats [45] . In the second work, also applying the method of autoradiography the authors found the same pattern of the distribution of label in mice, while in monkey the differences in the binding of radioactive resininferatoxin between preoptic area of the hypothalamus and its medial basal part were not detected [46] . As for the immunohistochemical study of TRPV1 localization in the hypothalamus only a weak immunoreactivity of various hypothalamic nuclei in Sprague-Dawley rats for this channel has been reported [47] .
About the TRPA1 channels in the hypothalamus, apart from our previous results [18, 19] and the data presented in this article, it is known only that it may exist at presynaptic terminals to the magnocellular neurosecretory cells of the supraoptic nucleus of the hypothalamus [20] . As for the ion channel TRPM8, there have not been any data not only about its distribution within the hypothalamus, but also about its presence in this brain part before our studies [18, 19] . The work of Kong et al [48] has recently appeared where the presence of TRPM8 in the paraventricular and supraoptic nuclei of the hypothalamus was demonstrated immunohistochemically.
In the present study any difference in the level of mRNA neither interstrain, nor between hypothalamic parts for thermosensitive ion channels TRPV2 and TRPV3 has been observed. The TRPV2 distribution in the hypothalamus is described in the works of Wainwright et al [49] and Nedungadi et al [17] .
It should be noted that the expression of the Trpv2 gene in both hypothalamic parts in rats of both strains was the highest one; moreover, it was described for the whole hypothalamus [18] . Both in this work and our previous studies [18, 19] , the level of Trpv2 mRNA is comparable with the expression level of housekeeping genes. These genes encode proteins required for the implementation of the major biochemical processes and express relatively stable levels in all tissues and cells. It is known that the TRPV2 ion channel is associated with the cytoskeleton, cytoplasmic reticulum and involved in regulation of Ca 2+ permeability into the cells [50] and neuroplasticity [51] . Moreover, the elimination of Trpv2 gene leads to the reduction of embryonic weight and perinatal vital capacity in these mice [52] . All these facts confirm the assumption that this channel is essential for the vital processes of the brain cells and the whole organism. The lack of the differences in the mRNA levels of Trpv2 gene between the hypothalamic parts as well as between the animal strains can be explained by the facts described above.
The presence of thermosensitive ion channels in anterior and posterior hypothalamus is functionally justified, because in both of the hypothalamic parts there are temperature-sensitive neurons. However, it is still impossible to give a definite answer to the question, what role of any TRP channel prevails in one or another part of the hypothalamus.
Thus, in the present work for the first time, the gene expression of thermosensitive TRP ion channels was investigated in the hypothalamus of rats with normal and increased blood pressure. The following new facts were discovered: (i) some differences in the gene expression of thermosensitive TRP ion channels between the functionally different hypothalamic parts are the same for normo-or hypertensive animals; (ii) in rats of both strains, the levels of Trpv1 and Trpa1 mRNA in the posterior part of the hypothalamus were higher than in the anterior and the level of Trpm8 mRNA was higher in the anterior hypothalamus than in the posterior; (iii) the specific differences in the gene expression of thermosensitive TRP ion channels in normo-and hypertensive animals have also been established; (iv) the level of Trpm8 mRNA in hypertensive rats was lower in comparison with the level in normotensive rats; (v) in hypertensive rats, Trpv4 mRNA level in the posterior hypothalamus was higher than in the anterior and higher than that in normotensive animals; (vi) in normotensive animals, its level in the anterior and posterior hypothalamus was the same.
New obtained data allow us to approach the understanding of the possible molecular mechanisms underlying such pathology state as hypertension. Moreover, the assumptions, suggested above, about the functional significance of changes in gene activity of thermosensitive TRP ion channels are the basic platform to design the experiments aimed at further elucidation of the physiological role of these channels.
